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1994 NASA GSFC HALT Evaluation of  
Radial Leaded, 50V Ceramic Capacitors 
• 8 lots of radial leaded, molded 
case ceramic capacitors were 
evaluated using HALT 
• Ratings  
• 3 lots of 1uF, 50V  
• 5 lots of 0.47uF, 50V  
• Sample Size = 50 capacitors 
per lot 
• MIL and commercial grade 
 
• HALT conditions  
• V = 400V  
• T = 140°C 
• Test until catastrophic short 
failure (fuse blow) 
• 1 commercial lot failed instantly 
• 2 MIL lots show 5% to 10% “early 
failures” 
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“COTS Ceramic Chip Capacitors: An 
Evaluation of the Parts and Assurance 
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2015 – Ceramic Capacitors 
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2010 – Solid Tantalum 
Capacitors 
Presentation by Michael Sampson to the Japanese Aerospace Exploration Agency (JAXA), at Goddard Space Flight Center (GSFC), Greenbelt, MD, and 
WebExed to Langley Research Center (LaRC), Hampton, VA, February 2, 2017. 7 
HALT may be useful for evaluating or even screening of solid tantalum 
capacitors but more work is needed to identify optimum test conditions 
NASA and HALT Testing of Ceramic 
Capacitors 
• NEPP uses HALT as an evaluation tool 
• Manufacturers use HALT as a process improvement tool 
• Obstacles have hindered adoption of HALT as a screen or lot 
acceptance test: 
• Acceleration factors vary by manufacturer, part characteristics and part  
rating and could be considered proprietary 
• Performance of MIL qualified parts does not seem to merit adding HALT 
• HALT could be useful for COTS and automotive grade parts  
• AEC Q200 (automotive) capacitors do not get typical HALT testing 
but do get tested at full rated voltage and 85⁰C/85% relative 
humidity 
• Manufacturers consider the “85/85” test the best for reliability 
assessment 
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The P-V Model for Ceramic 
Capacitors 
• Most models used today are still based on acceleration 
factors derived by T. I. Prokopowicz and A. R. Vaskas, 
Research and Development, Intrinsic Reliability, 
Subminiature Ceramic Capacitors, Final Report ECOM-
90705-F, NTIS AD-864068, (Oct. 1969).  Known as the P-V 
equation. 
• The P-V model creates an overall acceleration factor as a 
product of a power law and an Arrhenius, thermal factor 
• The P-V paper found a power law exponent of 2.7 and an 
Arrhenius Activation Energy of 0.9eV.  For convenience 
often rounded to 3 and 1. 
• The P-V model gave credible results for Precious Metal 
Electrode (PME) parts 
• However, the P-V model applied to current Base Metal 
Electrode (BME)parts creates a wide range of acceleration 
factors, varying by dielectric type, chip size, capacitance, 
voltage rating and manufacturer 
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P-V Acceleration Factor 
Examples 
• In the paper, Highly Accelerated Testing of Capacitors for 
Medical Applications, Ashburn and Skamser, SMTA Medical 
Electronics Symposium – Anaheim, California – 2008, the 
authors develop Activation Energies and power exponents for 
C0G and X7R characteristic BME ceramic capacitors of different 
sizes and ratings: 
• Ea from 0.91 to 1.39 eV 
• Power exponent from 3.8 to 8.4 (X7R), 16.4 and 17.3 (C0G) 
• Using the “corner” values in the P-V equation results in 
acceleration factors of: 
• 7.0E+3 to 1.7E+8 for X7R 
• 1.7E+15 to 1.8E+16 for C0G 
• Comparing HALT at 8 X Rated Voltage and 140⁰C to Rated Voltage and 
operation at 125⁰C 
• Thus one hour of HALT equates to 7000 to 170 million hours at 
maximum rated conditions for X7R, 1.7 to 18 quadrillion hours 
for C0G! 
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Discussion of Acceleration 
Factors 
• Clearly, the previous slide shows the challenges to using 
HALT as an acceptance test and this was for a very limited 
data set from one manufacturer 
• An attempt to improve on the P-V model is described in: 
Lifetime Modeling of Sub 2 Micron Dielectric Thickness 
BME MLCC, Randall, et al, CARTS’2003 Conference 
• This approach still requires characterization of individual 
manufacturer product values for key factors to 
compensate for potential manufacturer-to-manufacturer, 
lot-to-lot variations and affects of chip size, design and 
ratings 
• Thus it is very difficult to create HALT conditions that are 
relevant, useful and equable and acceptable to the 
manufacturers as an acceptance test  
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Summary 
• HALT testing holds promise for affordable efficient 
acceptance testing of multi-layer ceramic chip 
capacitors (MLCCs) especially for commercial off the 
shelf (COTS) 
• Variation in key modeling factors makes it difficult to 
derive test conditions which are fair and meaningful for 
all suppliers 
• Acceleration factors can be enormous, throwing their 
accuracy into doubt 
• HALT will continue to be a useful evaluation and 
process improvement tool but use as a screen will 
probably have to be manufacturer specific  
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